Differential control of activin, inhibin and follistatin proteins in cultured rat granulosa cells.
Follistatin, activin and inhibin proteins are produced by granulosa cells, but the mechanisms controlling their production remain unclear. Here, we examined how the protein kinase A (PKA) and protein kinase C (PKC) pathways act and interact to regulate production of these proteins. Granulosa cells from immature rats were cultured with activators of the PKA pathway (100 ng/ml FSH, 10 microM forskolin) and/or activators of the PKC pathway (100 nM GnRH agonist, 100nM 2-0-tetradecanoyl-phorbol-13-acetate, TPA). Conditioned media were assayed for inhibin and activin by ligand blotting using recombinant human 125I-follistatin and for follistatin by double ligand blotting using cold activin plus 125I-follistatin. FSH and forskolin stimulated inhibin but not activin production. In contrast, GnRH and TPA stimulated activin, and to a lesser degree, inhibin production; significantly, this is the first demonstration of activin dimer production by granulosa cells. Activators of the PKA pathway antagonized the actions of PKC effectors and vice versa. All agents increased follistatin protein production, and the PKA and PKC activators interacted to generate further increases in follistatin production. These results show that the FSH-PKA signalling pathway favors formation of alpha beta inhibin dimers while the GnRH-PKC pathway favors formation of beta-subunit activin dimers. Both pathways act to increase follistatin protein production.